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(54) Rotation detector 

(57) A rotation detector 10 for a miniature perma- 
nent magnet d c motor 20 comprises an induction coil 
11 wound around a flux ring 15 for the motor. The flux 



ring 15 has a stepped portion 18 accommodating tho 
windings of the coil 11 The coil 11 produces electrical 
signals in response to changes in tho magnetic lield of 
the stator caused by rotation of the rotor 
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Description 

Background of the Invention 

This invention relates to a rotation detector for use 
with an electric motor and in particular, to a rotation de- 
tector for a miniature permanent magnet direct current 
(PMDC) motor. 

Many applications of PMDC motors require the 
speed of the motor to be monitored or the number of 
revolutions made by the motor shaft to be counted. This 
is often achieved using a Hall sensor and a magnet fitted 
to the shaft or by using an encoder fitted to the shaft in 
co-operation with an optical sensor. Both of these meth- 
ods involve relatively expensive parts, are time consum- 
ing to tit and require the motor to be designed to accom- 
modate these parts as they occupy a significant amount 
of space either inside the motor, increasing the size of 
the motor or outside the motor where they are vulnera- 
ble to damage. 

Recently, rotation detectors which use an induction 
coil to monitor changes m the magnetic flux of the motor 
as the rotor lotatos have been developed, goo for ex- 
ample, EP-A-0626748 in which an inductor/capacitor 
circuit fitted into a separate case which is litted to the 
non -drive end of the motor by being press litted to the 
bearing boss. In this arrangement, the coil is detecting 
leakage flux and for efficient motors, it is hoped that flux 
leakage is minimised to increase efficiency, reducing the 
reliability/sensitivity of this type of detector See also EP- 
A -05291 31 which uses a coil mounted within the motor 

Summary of the Invention 

To provide a sensitive detector, the rotation detector 
according to the present invention uses an induction coil 
wound around a magnetic flux conducting means adapt- 
ed to provide a flux return^path for the stator of the motor. 
Ideally, this magnetic flux conducting means is a flux ring 
fitted to the motor casing or alternatively, it may be a part 
of the motor casing. Flux rings are commonly used to 
provide a low resistance magnetic flux return path be- 
tween the magnetic poles of the stator. Use of a flux ring 
helps to concentrate the magnetic flux and reduce flux 
leakage while allowing the motor casing to be made of 
thinner material without risking saturation of the magnet- 
ic path. By winding the induction coil around the flux ring, 
the flux ring acts as a core for the coil, simplifying form- 
ing of the coil while assuring that the magnetic flux pass- 
es through the coil, giving a strong signal to the rotation 
detection circuit. At the same time, the flux ring embod- 
iment allows the motor to be changed without affecting 
the detection circuit. Indeed, the rotation detector can 
be fitted to any motor by suitable adaptation of the flux 
ring and does not require any particular features to be 
built into the motor. 

The aim of the invention is to provide a novel rota- 
tion detector for a permanent magnet direct current mo- 



tor using an induction coil. 

As rotation detection circuits are well known and do . 
not form a part of this invention, they will not be de- 
scribed although it should be remembered that the sig- 
5 nal from the detector is fed to the detection circuit which 
will use this signal to achieve its designed function which 
may include speed control, position control, overload 
detection and fault conditions such as obstructed oper- 
ation. 

w Accordingly, the present invention provides a rota- 
tion detector for use with a direct current motor having 
a casing housing a permanent magnet stator. the detec- 
tor comprising: magnetic flux conducting means adapt- 
ed to provide a flux return path for the stator: and detec- 

'5 tor means including a coil wound around the magnetic 
flux conducting means whereby changes in the magnet- 
ic flux of the motor generates an electrical signal in the 
coil. 

Preferably, the magnetic flux conducting means is 
-0 adapted to engage the casing of the motor. 

Alternatively, the magnetic flux conducting means 
may be at least a part of the casing of [he motor 

Prefer; ibiy. the magnetic flux conducting means is 
fitted to a printed circuit board and the coil is terminated 
'•25 on terminals of the printed circuit board and the printed 
circuit board has male terminals arranged to mate with 
female terminals of the motor. 

Preferably, the printed circuit board has circuitry for 
interpreting the signals from the coil and for controlling 
30 the motor in response to those signals 

Brief Description of the Drawings 

Preferred embodiments of the invention will now be 
35 described, by way of example only, with reference to the 
accompanying drawings m which 

Figure 1 depicts a rotation detector according to a 
first embodiment; 

40 

Figure 2 depicts the rotation detector of Figure 1 fit- 
ted to a flat sided motor: 
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Figure 3 is the view similar to Figure 2 of a rotation 
detector fitted to a round motor: 

Figure 4 depicts a rotation detector according to an- 
other embodiment fitted to a motor: 

Figure 5 depicts a rotation detector according to an 
alternate embodiment fitted to a motor: 

Figure 6 depicts the rotation detector of Figure 5 fit- 
ted to a printed circuit board: and 

Figure 7 depicts a rotation detector according to yet 
another embodiment. 
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Description of the Preferred Embodiments 

In the rotation detector 10 of the first embodiment, 
shown .in Figures 1 and 2, the magnetic flux conducting 
means is a flux ring 1 5 and the coil 1 1 is wound around s 
the flux rtng. The flux ring 15 is of the full shell type, 
meaning that the ring substantially surrounds the motor 
casing 22 in use. In practise, the inner diameter of the 
flux ring in its relaxed state is smaller than the diameter 
of the motor casing so that the flux ring 15 is stretched to 
to fit the motor casing 22 with the resilience of the ring 
utilised to secure the ring to the motor. Additional de- 
tents may bo provided The shape of the ring substan- 
tially matches the shape of the motor casing to give a 
good contact between the casing and the ring to mini- '5 
mise the resistance of the magnetic flux path. 

The motor 20 shown is a flat sided motor meaning 
that the casing has two arcuate, or part circular, portions 
41 connected by two stiaiqht poi lions 42 tho straight 
portions being parallel to each olhor The stator has two -0 
arcuate permanent maqnots 23 fitted to tho circular por- 
tions 41 of the casing 22 The flux ring 15 is of a similar 
shape with a split 19 at a position corresponding to a 
plane passing through the poles of tho stator magnets. 
The coil 1 1 is wound around one of the straight portions 25 
42. This is whore tho magnetic flux concentration is 
greatest during use The flux ring 1 5 is deformed to pro- 
vide a stopped portion 18 at the position whore tho coil 
1 1 is wound to produce a spaco or clearance between 
tho flux ring 15 and tho motor casing 22 for the coil as so 
tho flux nncj is olhoiwiso contiguous with tho motor cas- 
ing. The coil 1 1 may bo terminated on terminals 1 2 httod 
to the flux ring 15 as shown in Figure 1 or it may have 
fly loads 1 3 as shown in Figure 2 for connecting directly 
to tho detection circuitry js 

Figure 3 depicts a similar rotation detector 10 titled 
to a round motor 20 (a motor with a casing having a cir- 
cular cross-section). Detents (not shown) ensure that 
the flux ring 15 (also with a substantially circular cross- 
section) is fitted to the motor casing 22 with the split 19 -*o 
aligned with a plane passing through the magnetic poles 
of the stator and the coil 11 is positioned on a stepped 
portion 13 between two adjacent poles of the stator 
Such motors generally have two individual arcuate per- 
manent magnets or a rubber ring magnet formed with •*$ 
two or more poles. 

Figure 4 shows a rotation detector 1 0 similar in con- 
struction to the rotation detector of Figures 1 and 2. fitted 
to a flat sided motor 20 with the variation that the mag- 
netic flux conducting means is a half shell flux ring 16 so 
meaning that the flux ring 16 extends circumferentially 
about the motor casing 22 only about half way. In prac- 
tise, the flux ring 16 extends slightly more than half way 
in order to provide a self-supporting grip on the casing. 
In all other respects, the detector is the same as the em- ss 
bodiment of Figure 1 

Figure 5 is a similar view to Figures 2 and 4 of a 
rotation detector 10 incorporating magnetic flux con- 



ducting means in the form of a flux ring 1 7 of the quarter 
shell typo. The quarter shell flux ring 17 extends be- 
tween magnets along the flat side of the motor casing 
and supplements the flux path provided by the casing 
22. Again, the flux ring 17 has a stepped portion 18 at 
a position between the poles or the magnets to accom- 
modate the coil winding. 

The quarter shell flux ring 17 allows interesting 
mounting arrangements such as the arrangement 
shown in Figure 6 where the flux ring 17 is fitted to a 
printed circuit board (PC 8) 30. The PCB 30 has a con- 
nector 33 for connecting the board 30 to a power supply 
for the motor and for control signals for operating the 
motor The PCB 30 also has electronic circuitry 32 for 
interpreting signals from the rotation detector 1 0 and for 
controlling the motor 20 in response to the signals from 
the rotation detector and the input control signals. The 
control signals may be simple on/off signals or may be 
more complicated including specifying the condition to 
bo maintained, e.g., speed or position. In tho embodi- 
ment shown, tho motor has female terminals (not visi- 
ble) and the PCB 30 has male terminals 31 for mating 
with the female terminals of the motor. The male termi- 
nals 31 also provide locating assistance and supporting 
assistance although in most applications, additional 
support for holding the motor 20 to the flux ring 1 7 and/ 
or PCB 30 would be required to prevent accidental dis- 
placement of the motor with respect to the PCB due to 
vibration, knocks, etc. 

While a flat sided motor has been shown, the quar- 
lor shell flux ring may bo used with a round motor with 
care taken to ensure correct alignment of the flux ring 
with tho poles of the stator 

Tho embodiment of Figure 3 dispenses with tho 
separate flux ring and uses tho motor casing 22 as the 
magnetic flux conducting moans The casing 22 which 
is of the flat sided type is made in two halves 25. 26 and 
is known colloquially as a clam shell casing. The two 
halves 25. 26 are joined together by dovetail connec- 
tions 27. The connections 27 are formed along the 
straight sides of the casing and are located between the 
pair of magnets 23 forming the stator. Each half accom- 
modates a single arcuate magnet. 

One of the connections has a straight finger 28 on 
the first half 25 which is received in a cut-out 29 in the 
other half 26. About this finger 28, the induction coil 11 
is wound or placed to monitor changes in the magnetic 
field as the rotor rotates. While the coil 1 1 may be bobbin 
wound which would help to support coil terminals 12, it 
is preferably epoxy or resin encapsulated providing a 
robust, stable and insulated coil of minimal dimensions. 

As an alternative, the motor casing could be a deep 
drawn can with the finger being a cut and raised portion 
which is fitted with the coil and bent or deformed back 
into the recess formed by the creation of the finger with 
the distal end of the finger abutting or closely adjacent 
to the edge of the recess from which it was cut to mini- 
mise the resistance of the flux path through the linger. 
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W:^^^! While various preferred embodiments have been 

described, it will be appreciate by those skilled in the art 
that modifications and changes may be made to the em- 
bodiments described without departing from the spirit 
and the scope of the invention as defined by the append- 5 
ed claims. 



Claims 

w 

1 . A rotation detector for use with a direct current mo- 
tor having a casing housing a permanent magnet 
stator. the detector comprising: 



magnetic flux conducting means (15, 16, 17, '5 
28) and 

a detector coil (11) wound about the magnetic 
flux conducting means, 



characterised in that CO 
the magnetic (lux conducting means (15. 16 
17 28) is adapted to provide a flux return path for 
the stator whereby an electrical signal is generated 
in the detector coil ( 1 1 ) by changes in the magnetic 
flux ofthe motor 25 



2. A rotation detector as defined in claim 1 wherein the 
magnetic flux conducting means (28) is at teas! a 
part of the casing (25. 26) of the motor. 

3. A rotation detector according to claim t wherein the 
magnetic flux conducting means (15. 16, 17) is 
adapted to engage the casing (22) ofthe motor 



4. A rotation detector as defined in claim 3 wherein the os 
magnetic flux conducting means (17) ts fitted to a 
printed circuit board (30) and the printed circuit j 
board (30) has male terminals (31) arranged to ■ 
mate with female terminals of the motor (20). 

40 

5. A rotation detector according to claim 4 wherein the 
printed circuit board (30) has circuitry (32) for inter- 
preting the signals from the coil ( 11 ) and for control- 
ling the motor (20) in response to those signals. 

45 

6. A rotation detector according to claim 1 wherein the 
magnetic flux conducting means (15. 16, 17) is a 
flux ring fitted to the motor casing. 



7. A rotation detector according to claim 6 wherein the so 
flux ring (15, 16, 17) has a stepped portion (18) to 
accommodate the coil windings. 
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FIG. 2 FIG. k 




FIG. 3 FIG. 5 
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(54) Rotation detector 

(57) A rotation detector 10 for a miniature perma- 
nent magnet d.c. motor 20 comprises an induction coil 
1 1 wound around a flux ring 1 5 for the motor. The flux 



ring 15 has a stepped portion 18 accommodating the 
windings ol the coil 11 The coil 11 produces electrical 
signals in response to changes in the magnetic field of 
the slator caused by rotation of the rotor. 
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